Abstract -Low cost, effective and water soluble organic coagulant is offered for the extraction of charged clay particles. Coagulation with KOHIDRAC results in simultaneous concentration and purification of the clay fraction. After treatment with KOHIDRAC the obtained clay samples were free of carbonates and feldspar. Moreover, the amount of quartz decreased significantly in finished samples. The proposed coagulant and the patented methodology can be successfully used as purification procedure or as pretreatment for qualitative and quantitative analysis of clay minerals. The possible structure of the active compound KOHIDRAC was investigated in this paper. Real applications of the coagulant were provided.
I. INTRODUCTION
In some applications clay is used as raw material from deposit without separation or enrichment of clay minerals [2] . Identification and specific applications of clay minerals generally require a purification step. Purification is also required for detailed study of clay, sand, and clay minerals [3] . Fractionation by sedimentation belongs to established industrial separation procedures and is used at a technical scale for example for kaolin processing. It is the most important procedure to obtain relatively pure clay minerals in the laboratory [4] . Clay minerals can be separated from matrix minerals using dialysis or centrifugation [5] . Unlike other colloidal dispersions, well-dispersed clay minerals (kaolinites, smectites, illites, palygorskite) in the sodium form may be coagulated using very low concentrations of inorganic salts (sodium chloride, calcium chloride, sodium phosphate etc.). Most practical methods are time consuming, difficult to perform or are low efficiency procedures; therefore, a new approach was developed [6] . The proposed method is based on extraction of clay minerals from samples by coagulation with a specific organic coagulant KOHIDRAC [1] . This method is very easy to perform; no specific equipment is required, and it is quite fast in comparison to traditional enrichment (purification) methods. Furthermore, coagulant KOHIDRAC is water soluble and theoretically can be washed out after treatment (sample washed until pH is 7), whereas most inorganic coagulants could remain on the surface of the treated clay samples.
Coagulation with KOHIDRAC includes two important steps: concentration of the clay fraction and simultaneous purification. This patented method is intensively used at the Department of Chemistry, University of Latvia, for enrichment of poor clay samples on laboratory scale. The procedure results in complete removal of matrix minerals, such as carbonates, feldspar and dolomites, and additionally the amount of quartz in coagulated samples is dramatically decreased. Therefore, the proposed method is useful as a pretreatment procedure for qualitative and quantitative analysis of clay minerals. The method was patented in 2016, but the characterization of KOHIDRAC and its applications is still in process of updating. The possible structure of the active compounds of coagulant (not disclosed in patent) and data about stability were added. Determination of the coagulant's active compounds helps to understand the coagulation mechanism. Some other practical examples of KOHIDRAC applications were offered. The coagulant can be used as effectively for montmorillonite, illite, palygorskite etc. particle extraction.
II. MATERIALS AND METHODS
The proposed effective procedure of the extraction is described in EP2465820 B1 [1] and includes the following steps: activation, sedimentation, extraction (coagulation) filtration and drying.
The first step was mixing clay mineral containing samples in aqueous solution of activator to get a stable suspension ( Fig. 1  A and B) . The activator was selected from a group of activators that contains pyrophosphates and polyphosphates (preferably Na4P2O7 or Na5P3O10). The weight ratio of sample, water, and activator was 1:10-20:0.01-0.1. The activation process is performed at pH 8-9. Further the sedimentation of the obtained clay-phosphate suspension was preferred to eliminate crude silica particles which are larger than one micron and the rest of the ballast (carbonates, feldspar, etc.). Theoretically, suspended particles (assumed to be spherical) that are bigger than 1 μm will sediment within 24 h according to the Stokes' law [7] .
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46 After the suspension was decanted from the crude sediment, KOHIDRAC was added. The composition of the coagulant is prepared separately by mixing a solution of hydrazine dihydrogen chloride with acetone. Optimal weight ratio of hydrazine dihydrogen chloride solution to acetone was from 1:2 to 1:3. Coagulation of particles was performed at pH 3-4. The dissolution of matrix minerals (carbonates, feldspar) occurred at the same time. Large aggregates of clay particles were formed once coagulant was added to suspension. Although the procedure took place at low pH it seemed that clay structure was not destroyed, because the contact time of the reactants was short (about 10 min).
The separation of the large aggregated particles from liquid was achieved by filtration (medium pore paper filter can be used). The solid matter then was washed repeatedly on the filter with water (until pH was 6) to wash out the remains of the coagulant and dried. Obtained clay samples free of carbonates ( Fig. 1 C) were crushed into fine powder. 
A. Methods of Analysis
Phase composition of clay samples and materials was determined using X-ray powder diffraction (PXRD). It was performed on Bruker D8 Advanced; the following parameters were used: CuKα radiation, 3-40° 2θ interval, step 0.5°.
B. Characterization of Coagulant KOHIDRAC
Characterization of the organic coagulant was carried out using ultra-performance liquid-chromatography coupled with mass spectrometer (UPLC-MS). UPLC-MS analyses were performed on Aquity UPLC system coupled to Quattro Micro triple-quadrupole mass spectrometer (Waters) using an ESI source. LC separation was performed using Waters Acquity UPLC BEH HILIC column (50 mm × 2.1 mm, 1.7 μm). A binary mobile phase (ammonium acetate, 10 mM, pH4 -acetonitrile) with a gradient elution from 75 % to 55 % of acetonitrile was used. The ESI source was operated in the positive mode at the following working conditions: capillary . HRMS analysis was performed on Aquity UPLC system coupled to Synapt G2-Si TOF instrument.
Sample of KOHIDRAC solution was diluted with acetonitrile 10000-fold before UPLC-MS analysis.
III. RESULTS AND DISCUSSION
Method EP2465820 B1 is offered as the procedure to obtain smectites from clay that contains low levels of smectites; nevertheless, it may be also successfully used to extract other clay minerals: palygorskite, illite [8] etc. The proposed method can be used as purification or pretreatment procedure for qualitative and quantitative analysis of clay minerals. Some practical examples of KOHIDRAC applications are described below.
A. Determination of the Phase Composition of KOHIDRAC Treated Samples Using X-Ray Powder Diffraction
Identification of the clay mineral -palygorskite. Extraction (simultaneous concentration and purification) of 50 g of palygorskite containing sample with KOHIDRAC was performed in accordance to the technique described above. After coagulation, about 2.5 g of purified clay fraction was obtained. The comparison of PXRD data of raw and treated clay mineral containing sample LV-8-1 ( Fig. 2 and Fig. 3 ) confirms considerable reduction of matrix minerals after treatment with KOHIDRAC. Characteristic reflections corresponding to calcite (2θ = 29.4°) were not observed in PXRD patterns of treated LV-8-1 sample (see Fig. 3 ). Water soluble KOHIDRAC acts as hydrochloric acid by dissolving carbonates, and it is washed out with deionized water after the treatment. The amount of
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47 dolomite (2θ = 30.6°) decreased significantly due to sedimentation step during processing.
Identification of clay minerals in disintegrated concrete. A hypothesis that clayey sand was used in concrete production was established. Clay fraction should be controlled to get qualitative concrete. To prove or to deny the hypothesis that the use of clay saturated sand resulted in poor quality concrete, an extraction experiment with KOHIDRAC was made. A sample of the disintegrated concrete was ground into a powder, sieved, and treated with the coagulant. This was followed by PXRD analysis. PXRD analysis results (see Fig. 4 ) showed that analyzed sample did not contain clay minerals that could influence the quality of the finished concrete. But some amount of the silicate mineral was identified -thaumasite Ca3[CO3/SO4/SiO4](OH)6•12H2O; thaumasite is a side product of the concrete decomposition.
Extraction (simultaneous purification) of clay sample by KOHIDRAC. Extraction of 200 g of clay sample from Saltisku deposit with KOHIDRAC was performed in accordance to the technique described above. 15 g of Na4P2O7 was used to stabilize 4 L of clay suspension. Phase composition of clay samples was determined using PXRD analysis (see Fig. 5 ). 
B. UPLC-MS Analysis
To determine active ingredients of KOHIDRAC, UPLC-MS analysis was carried out. Obtained mass chromatogram shows presence of 2 major peaks in analyzed sample (Fig. 6 ) with retention time (RT) 0.74 min and 1.04 min, respectively. Corresponding mass spectra are shown on Fig. 7 and Fig. 8 . Detailed examination of peak homogeneity showed the presence of one more minor component at RT 0.78 min (indicated by the arrow on Fig. 6 ). The mass spectrum of the unknown compound is shown in Fig. 9 . 
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Precise mass measurement by high-resolution mass spectrometry (HRMS) was used for structure explanation of the major components (see Table I ). After evaluation of the data obtained by high-resolution mass spectrometry analysis, the following structures of the possible organic compounds were offered (Fig. 10) . The identity of the unknown compound with the exact mass 112 was established using a reference compound -4,5-dihydro-3,5,5-trimethylpyrazolium chloride. Obtained UPLC-MS chromatogram and mass spectrum fully coincide to those obtained by analysis of KOHIDRAC sample (Fig. 11 and  Fig. 12) . 
C. Stability of Coagulant KOHIDRAC
Long term stability test of KOHIDRAC was performed by visual inspection of mass chromatogram obtained periodically during storage. KOHIDRAC sample (in a plastic bottle) was kept at room temperature for ~5 months. The overlay of obtained chromatograms (Fig. 13) shows slight changes in chromatographic profile during storage. Another peak on mass chromatogram at RT 0.91 min was observed. Extracted mass spectrum shows intensive signal at m/z 193 (Fig. 14) . 
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The changes in colour of the sample were observed after 5 month storage; the coagulant had turned from pale to dark brown solution. Changes in chemical content and colour were caused by oxidative processes of the coagulant as well as by polymerization reactions of acetone.
IV. CONCLUSION
Treatment with the coagulant KOHIDRAC can be used as purification procedure or pretreatment for qualitative and quantitative analysis of clay containing samples. Proposed procedure of the coagulation (extraction) is fast, easy to perform, and is an effective method for concentration of clay minerals for the scientific research in laboratory scale.
UPLC-MS technique was employed to characterize coagulant KOHIDRAC. Obtained UPLC data indicate the presence of three organic compounds in the finished product KOHIDRAC. Products of the synthesis of the coagulant were identified using HRMS. Stability test data have proved that the organic coagulant KOHIDRAC is stable enough in standard conditions. Freshly prepared coagulant can be stored in a tightly closed plastic bottle at room temperature and used for two months.
